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Vjm-TUHKBL INVESTIGATION OP THE EFFECTS OF SÜEFACE-COVERIBG 

DISTORTION OH THE CHARACTERISTICS OF A FLAP HAVING 

UNDISTORTED CONTOUR MAINTAINED FOB VARIOUS 

DISTANCES AHFAD OF THE TRAILING EDGE 

By Thomas A. Tell, M. J. Queijo, and Jack D. Brevar 

SUMMARY 

Testa «era made of a modified NACA 69^-OlS airfoil having a 

30-percent alrfoll-chord flap vlth contours simulating various 
distorted surface-covering shapes for the purpose of investigating 
the practicability of reducing distortion offsets to a negligible 
amount by maintaining the undiatorted contour "V3r a small part of 
the flap chord near the trailing edge. The effects of variations 
in Mach number from 0<20 to 0.1*0, of transition location, and of 
flap gap also v^re investigated. 

The results of the investigation indicated that the effects 
of dlatcrtion on lift characteristics are snail compared with the 
effects of distortion on hinge-moment characteristics and that 
approximately 75 percent of the effects of distortion en stick 
forces can be eliminated if distortion of the rear 20 percent of 
the flap chord Is prevented by stiffening that part of the flap. 
When the flap had been thickened by distortion, opening & gap at 
the flap nose or placing transition stripe near the airfoil leading 
edge generally caused the variations of hinge-moment coefficient 
vlth angle of attack and with flap deflection to become less nega- 
tive. Variations in Mach number from 0.20 tn 0.1(0 had only small 
effects on the hinge-moment characteristics of the undlstorted flap 
or of the distorted flaps having the undlstorted contour maintained 
over the rear 20 percent of the flap chord. 

INTRODUCTION 

Flight results published In a British paper of limited distri- 
bution end some wind-tunnel tests made In the Langley stability 
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tunnel have indicated that largo changes In control-surface char- 
acteristics (particularly the hinge moments) may result from dis- 
tottion of the control-surface contour vhlle under aerodynamic load. 
The analysis presented In reference 1 shove that, in general, dis- 
tortion amounts either to a change in camber of the control surface 
(cambor distortion) or to B chance In the thickness of the control 
surface (symmetrical distortion)• Camber distortion affects thu 
control-surface characteristics in a manner that is similar to the 
effect of deflecting a tab; whereas symmetrical distortion amounts 
essentially to a change in trailing-odgo angle. Distortinn of the 
camber type was shown in reference 1 to hare much largsr effects 
than distortion of the symmetrical tjpe. 

The type :>f distortion obtained on a specific control surface 
depends primarily on thu location of V3nts or leakage, holee. Camber 
distortion le most likely to occur when the internal pressure is 
approximately 9Q.U91 to the static pruss-ire of the froe air stream, 
and syUK3trtcal distortion is most likely to occur when the internal 
pressure is highly positive or highly negative relativ« to the 
static pressure of the frtis air stream. 

From aerodynamic considerations, the most satisfactory method 
of eliminating distortion effect« is to providu the entire control 
surface with a rigid covering material. Such a control eurfaeo is 
likely to ba quite heavy, however. The fact that control-surface 
hinge-moment characteristics arc known to depend largely on the 
contour noar the trailing edge has led to the suggestion made in 
a British paper of llmitod distribution that the greater part of 
the effects of distortion might bo eliminated, with a moderate 
increase in weight, by providing a rigid covering materiel over 
only a small chordwlse part of the control surface Just forward of 
thü trailing edse. Tests made by A. S. Halliday of Great Britain 
indicated thr.t when distortion of the rear 25 percent of the contrcl- 
surfacu chord la prevented, the variation of hinge-moment coeffi- 
cient with angle of attack and with flap deflection le essentially 
independent of distortion of any othor psrtn of the ecntrol surface« 

The present tosta, made In two-dimensional flow, ware con- 
ducted for the purposo of Investigating more thoroughly tha practi- 
cability of reducing distortion effects to a negligible amount by 
maintaining the undlstorted contour over a small part of tho flap 
chord mar tho trailing edge. Tests wore made of eover!U types of 
distortion in addition to those made by Halliday and for each type 
characteristics were determined with 10 percent, 80 percent, and 
30 percent of the flap chord held to the undlstorted contour. The 
effects of variations in Mach number from 0.20 to 0.U0, of transi- 
tion location, and of flap gap also wore investigated. 
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SYMBOLS 

airfoil section lift coefficient 

flap Bectlon hinge -moment coefficient 

resultant balance-pressure coefficient (Piower " 
pupper) 

pressure coefficient above or below flap seal 

finite-span lift coefficient 

finite-span hinge-moment coefficient 

seal-moment ratio for internaJ-ly balanced flap (ratio of 
balancing moment of flexible seal to balancing moment 
of thin-plate overhang) 

boundary-layer displacement thickness, feet 

dynamic pressure of free stream, pounds per square foot 

dynamic preBBure at tail of airplane, pounds per square 
fiot 

airfoil section ihord, feet 

fixed tralling-ed,3B chord (chordwise distance from trailing 
edge over which undlstorted contour is maintained), feet 

flap section chord, feet 

balance-plate section chord (distance from flap hinge 
line to loading edge of the balance plate), f-,-et 

balance section chord (distance frcin flap hinge line to 
point midway between pclnts of attachment of 
flexible seal of sealed Internal balance), fast 

mean aerodynamic chord of wing, feet 

root-mean-equare alevator chord, feat 

elevator span, feet 
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airfoil section thickness at flap hinge line,  feet 

tail length (distance from center of gravity of airplane 
to aerodynamic center of horizontal tall), feet 

vlng area, square feet 

horizontal-tail area, square feet 

vlng aspect ratio 

horizontal-tall aspect ratio 

chordviee distance from airfoil leading edge to any point 
on airfoil surface, feet 

chordvise distance fron center of gravity of airplane to 
neutral point, feet 

weight of airplane, pounds 

airfoil Bectlon angle of attack, degrees 

angle of attack of finite-span surface, degrees 

flap deflection, degrees 

elevator deflection, degrees 

stabilizer angle, decrees 

downvash angle in vicinity of horizontal tail, degrees 

Reynolds number 

Mach number 

ratio of control force in pounds to elevitor hinge moment 
In foot pounds 

incremental stick force resulting from elevator distor- 
tion, pounds 

. 
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The subscripts outside the parenthesis of the foregoing partial 
derivatives indicate factors held constant during measurement of 
the derivatives. 

A-_- V *v 

Ac la''*° I   ' 

incremental velues -f parameters resulting 
fron any given amount of distortion; for 
example, 

Ac, = cj - C| 
a   "distorted    "undistorted 

incremental distortion parameters (the incre- 
ments of slopes or of coefficients resulting 
from a diotoi-tion of one percent of the 
flap chord); for example, 

Ac, 

c, - c, 
«distorted   "^distorted 

distortion in percent flap chord 

where distortion is defined as the maximum 
deviation of a surface of a flap from tho 
undlstorted contour 

APPARATUS AED TESTS 

The tests of the present Investigation were conducted In the 

2~foot by 6-foot tost section of the Langley stability tunnel. 

The modül had a chord of S  feet and spanned the throat of the tunnel. 
The part of the model forward of the 70-percent-chord station was 
constructed of laminated mahogany and had the ordlnates of the 
NACA 65-^-012 airfoil section. The airfoil was equipped with a 

30-porcent-chord plain flap with a cylindrical steel nose and a 
steol central web. Flap contours, simulating various distorted 
surface-covering shapes, were obtained by attaching wood blocks to 

I 
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ths upper and lover surfaces of the steel web. (See fig« 1.) The 
assumed undletorted contour had flat sides extending from the 
trailing edge to the contour of the HACA 6^-012 airfoil at the 
70-percent-chord station. The tralllng-edge angle waa lit0. The 
ordinates of the modified airfoil are given in table I. 

For convenience In presenting the results of this Investiga- 
tion, letter designations have been assigned to the various haslc 
typos of contour distortion. In the designations, F stands for 
flat, C for concave, and B for bulge. Each flap-contour desig- 
nation consists of tvo letters; the first letter refers to the 
upper surface of the flap and the second letter refers to the 
lover Burfece of the flap. The various designations and the corre- 
sponding descriptions of the flap contours tested are presented in 
the following table*. 

Designation Description of flap contours 

FF 
CC 
BB 
BC 
BF 
FC 

Both surfaces flat (no distortion) 
Both upper and lover sin-faces concave 
Both upper and lover surfaces bulged 
Upper surface bulged and lovor surface concave 
Upper surface bulged and lover surface flat 
Upper surface flat and lower surface concave 

For each of the basic flap contours given In the foregoing tablo, 
the undletorted flap contour was maintained over parts of the flap 
chord extending 10 percent, 20 percent, and 30 percent of the flap 
chord from the trailing edge. The various contours investigated 
are Illustrated in figure 1. 

Both the concave and the bulgod contours were constructed as 
•horn in figure 2. In every case, the amount of distortion - that 
Is, the maximum deviation of the distorted contour from the undle- 
torted contour - was 2.33 percent of the flap chord. The distorted 
parts of the flap surfaces consisted of a straight section (parallel 
to the undlBtartcd surface) Joined to the undletorted surface by 
circular arcs. As the undletorted tralllng-edge part was Increased 
In length, the straight section of the distorted part vas decreased 
in length; thus the maximum deviation of the distorted contour from 
the undlstorted contour vas maintained constant. 

The part of the model forward of the flap hinge line was 
attached rigidly to end disks that were mounted flush with the 
tunnel walls. Clearance gaps of approximately 1/16 Inch were left 
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batmen the ende of the flap end the disks. The tests Included 
determinations of airfoil section lift coefficients, flap section 
hinge-moment coefficients, and resultant balance-pressure coeffi- 
cients. The lift of the nodal «as measured with an integrating 
manometer, hinge momenta were measured with a calibrated spring 
balance, and the pressure difference (resultant balance pressure) 
across the flexible nose seal vas measured with e single U-shaped 
manometer tube. 

Host of the tests were made with transition strips attached 
to the model. The stripe were prepared by cemantlng carborundum 
grains (No. 60) to the back of "Scotch" cellulose tape in a strip 

--inch vide. Tho tape vas attached to the upper and lower surfaces 

of the modal so that the leading edges of the carborundum strips 
wore at 2.0 percent of thj chord. 

The greater part of the tests were made at a Mach number 
of 0.3!*, although a few tests were made at Mach numbers of 0.20 
and 0.1*0. The dynamic pressures and the test Reynolds numbers 
corresponding tc these Mach numbers era given in tho following 
table: 

Mach number, 
M 

Dynamic pressure, q. 
(lbs/so. ft) 

Reynolds number, 
F 

0.20 
•3* 
.1*0 

59-1* 
155.5 
211.5 

2,81*5,000 
1*,5?0,000 
5,380,000 

In order to specify the conditions of the present teats some- 
what more completely than can bo done simply by giving values of 
the Mach number, the dynamic pressure, and the Reynolds number, a 
few measurements of the boundary layer on the upper surface of the 
model with the undlstortcd flap contour wert; made. Figure 3 ahowB 
the vsriation with angle of attack a0 of tho boundary-layer dis- 

placement thickness at 65 percent cf the chord, given as a fraction 
of tho chord 5*/c with end without transition strips, and of the 
transition location aa a fraction of the chord x/e   without transi- 
tion strips. 

,**•*••" 

**£%* 
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CQPRrCTIONS 

Corrections applied to the test data for the effects of the 
Jet boundaries are based on equations presented In reference 2. 
The methods of reference 2 were extended In order that corrections 
to the flap hinge-moment coefficient and to the resultant balance- 
pressure coefficient might be obtained. The equations used In 
correcting tee test data are as follows: 

ao " °bu 
+ Vl6f,o° 

°hf • <%fu 
+ *3C» 

PR » Pfiu 
+ ty»| 

where the subscript u refers to the uncorracted value of the 
coefficient or anglo, and tho constants k^, k2, k^, and kjj 

depend on the test Mach number and have the following values for 
the conditions of the present testa: 

. 

N h "a k3 \ 

o.ao 

.1*0 

0.966 
.963 
.9C1 

0.221 
.231 
.238 

O.OO86 
.009^ 
.0099 

-o.ofcoo 
- .0H5 
-.0U80 

The corrections applied do not account for the effects of the 
boundary layers along tha tunnel walls or for the effects of the 
small gepa between the ends of the flap -ind th.- end disks. The 
correction to the anglt of attack does not account for the effect 
of tha lift resulting from flap deflection. An estimate of tho 
effect of the Hit resulting from flap deflection indicated t.nt, 
had this lift boen ac^ountci for, the values of the ptrowctur c, 

would bo about l.j percent smeller then the values of this parameter 
that are indicated by tho data presented, and that thb parameters cnf, 

and Pß  would be changed a negligible amount. I 
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RESULTS AND DISCUSSION 

Presentation cf Data 

Complete nets of data, Including flap section hinge-moment 
coefficients, res-ltxnt balance-pressure coefficients, and airfoil 
section lift coefficients, were obtained for each of the flap 
contours shown In figure 1 for a Mach number of O.3U, with transi- 
tion strips at O.Or.c and the flap nose (jap sealed. These data are 
presented in figures I) to 9 as plots against flap deflection for 
various fixed angles of attack. Comparisons of the effects of 
fixed truilln.g-edye chord on various coefficients plotted against 6f 
with aQ • 0° and plotted against oc with 8- > 0° are given 

in figures 10 to 19- Some additional tests were read«, to determine 
the effects on hinge-moment characteristics of Mach number (figs. 20 
and 21), of transition strips (figs- 22 and 23), and of gap (fl,?e. 3k 
and 25)• 

The measured parameter values at a^ = 0° and Bf • 0 , 

including slopes of tha curves and Incremental values of the coef- 
ficients resulting from surface-covering distortion, are given In 
table II. The data presented for resultant balance-pressure coef- 
ficients when used in conjunction with the hinge-moment data of 
plain flaps aro useful in estimating the characteristics of staled 
internally-balanced flaps. 

An oquntion for calculating the hinge-moment coefficients of 
an lnternaHy-balancod flap is as follows (see reference 3): 

<\ • ch aianced plain 
flap flap 

H(?)>-)-(^ (i) 

mfl is the seal-momont ratio. Charts Riving values of ma where 

for various balance-seal configurations are given in reference 3 
/,.. \2 

For many configurations tho term 

guatlon (1) t.:jn reduces to the form by  13 J .    E4« 

j —• j  (l + mg\   may be replaced 
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c"bslanced 
flap 

0* plain 
flap 

2 F (»•:«] 

11 

(2) 

If It is assumed that the aerodynamic effects of distortion 
vary linearly with the amount of distortion, at least for amounts 
of distortion as large as that tested (O.Q233cf), the results of 

this investigation can be made readily applicable to any amount of 
distortion up to 0.0233cf. On the basis of this assumption, values 

of incremental distortion parameters, defined as the incremental 
parameter values resulting from a maximum surface-covering distor- 
tion equal to one percent of the flap chord, were calculated from 
the test data- Because the tests included only fixed trailing- 
edge chords of O.lCf or more, estimates were made of the values of 

Incremental distortion parameters for flaps with the distortion 
extending to the flap trailing edge. These values were estimated 
from unpublished correlations of date on the aerodynamic character- 
istics of control surfaces having various trailing-edge angles. 
Values of incremental distortion parameters obtained from the 
results of the present tests and by estimation sre presented in 
table III. Those values are strictly applicable only to the airfoil 
tested and cannot bo assumed to apply exactly to any arbitrary air- 
foil section. 

EffectB of Fixed Trailing-Edge Chord 

Hinge-moment characteristics.- The hinge-moment curves pre- 
sented in figures 10 and 11 Indicate that the primary effect of 
symmetrical distortion (contours CC and BB) is to rotate the hinge- 
moment curves, and thereby change the slope. For distortion that 
consists principally of a cha.ige in camber of the moan line 
(contours BF and BC^ tho primary effect on the hinge-moment curves 
is a displacement of the curves along the hinge -moment-coefficient 
axis with only small chsnges in the slopes. 

The effects cf fixed trailing-edgu chord on the hinge-moment 
slopes cn  and cj,  are shown in figure 12. For symmetrical 

distortion, with the control surfaces concave, the hinge-memont 
parameters become lees ne«?ative as the fixed trailing-edge chord is 
increased; and with the control nrffeOH bulged, the hinge-moment 
pcrametors become more negative as the fixed trailing-edge chord 
is increased. Even though the undistorted contour Is maintained 
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over a pert of the rear of the flap, the effect of symmetrical 
distortion ie similar to the effect cf variations in trailing-edge 
angle• 

For all contours tested, the effects of distortion on the 
slopes cv  and cnR decrease rapidly ee the fixed trailing-edge 

chord la increased» The effects are almost entirely eliminated if 
the fixed trailing-edge chord is 30 percent of the flap chord. 

The effects of surface-coverin« distortion en control forces 
depend on the displacement cf the hinge-moaieut curves (camber 
effect) as well as on the-slopes of the hinge-moment curveB. The 
effect, of fixed trailing-edge chord on the displacement of the 
hinge-moment curves /measured at aQ » 0° end of * 0°V Is shown 

In figure 13. The displacement Acn la reduced quite rapidly as 
the fixed trailing-edge chord is increased, but it dees not become 
negligible even vlth a fixed tralling-edgo chord of 30 poreant of 
the flap, chord. Tho displacement of the hinge-moment curves is 
similar to that caused by a deflected tab on an undistortcd flap' 
ard therefore will affect the control-surface characteristics 
accord! ncly. 

. . . Theoretical checks on the hinge-moment coefficient Acjj 

• at. a0 •« 0° and &f * 0° for contours BF and BC were obtained by 

assuming that tho distorted contours could be replaced by multiply 
hinged flaps and by calculating the hinge moments according to the 
theory of reference h.   The comparison given in figure 13 indicates 
that, in general, the theory overestimates the effoots of distortion 
by approximately 20 percent. 

Resultant balance-pressure characteristics.- The curves of 
resultant balanco-preseuro coefficient plotted in figures Ik and 1$ 
indicate that symmetrical distortions (contours BB and CC) have no 
appreciable effect on the resultant balance pressure. Camber dis- 
tortion (contour BC) onuses a displacement of the balance-pressure- 
coefficient curves. 

The slopes Po  and 

tlons of the flap contour, 
that tho displacement Arjj 

at e„ and 8x. = 0° 

Pjl  are not greatly affected by varla- 

(Seo fig. 16.) Figure 16 also shows 
of the balance-preBsuro coefficient 

la approximately constant regardless of 

the fixed trailing-edge chord.. This constancy seems to indicate 
that the value of APg depends primarily on tho flap contour near 

the flap hinge and is not affected to any great extent by the flap 

* • i**- 'V 

*••*.•*%: 
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contour near the trailing edge. For the flaps tested In this 
Investigation, the distortion btgan at a distance 0.067cf to the 

rear cf the flap binfs line. Had the distortion begun at or very 
near the flap hinge line-, the effect of distortion on iCPß probably 

would heve been considerably greater then that obtained. 

In order to illustrate the effect of canibor distortion on the 
hinge mrmsnta of senled internally-balanced flaps, equation (2) 
may be rewritten in terms of incremunt&l, rather then absolute, 
values of hinje-momant end resultant balanca-pressure coefficients, 
which gives 

lanced 
flap 

^ plain 
flop 

P  E 0W] 
Si.^ce camber distortion results in increments Ach and ÄPg that 

are of the same sign (noe figs. 13 and lo), the Increment Acn of 

a balanced flap Is larger than the incremunt &en of a plain or 

unbalanced flap. The effect of camber distortion on flop Mngr 
iR m.iit characteristics, therefore, would be expected to increase 
somewhat as the balance ch; .'d c^ is Increased. 

Lift characteristics.- Curves of lift coefficient plotted In 
figures 17 and 18 indicate that neither ccmbur nor symmetrical dis- 
tortion has any appreciable effect on lift characteristics. Figure 19 
shows that the slopes c^  and cj„ ar3 almost unaltered by the 

flxod tralllng-odge chord and that the increment of lift /Scj 

caused by camber distortion is small and decreases with increase 
In fixed trailin^-edge chord. 

Valuos of Acj calculated by the theory of multiply hinged 

flaps (roforenco k)  aru included In figure 19 for comparison with 
thu experimental values of &cj. 

Effect of Mach Number 

The results of the present tests indicated that if the fixed 
tralllng-,:-ägu chord vere 20 percent of the flap chord most of the 
parameters of the airfoil and flap would be nearly independent of 

I 
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control-surface distortion. Toots, therefore, wore made to deter- 
ulne whether the hinge-moment characteristics of the distorted 

S.o. flaps having values of -£ = 0.20 would he effected by Mach nuniber 
°f 

more adversely than the hinge-moment characteristics of the (»dis- 
torted flap. 

As shovn in figures 20 and 21, Mach number variations within 
the speed range tested have very small effects either on the char- 

acteristics of the distorted flaps with 3.0. 20 or on the char- 

acteristics of the undlstorted flap. 

Effects of Transition Strips 

The effects of transition strips on flap section hinge-moment 
coefficient plotted against flap deflection (fig. 22) and against 
an&Le of attack (fig. 23) were determined for the undiBtorted flap 
contour and for various distorted flap contours having values 

of 2, 0.20. Figures 22 and 23 ahov that removing the transition 

strips makes the slope cn_ more negative over a of range of 

approximately ±6° and makes the slope cj,  more negative over 

en tt0 range of approximately ±1°. At the limits of these ranges 

the hinge-moment curves of the model without transition strips show 
an abrupt change in slope' resulting from a shift in transition point 
from a rearward to a forward position. Similar results have been 
observed in other tunnels having a low turbulence level (of the 
order of that of the tunnel used for the present tests)• The 
effects of the strips on th-a slopos of the hingo-moment curves are 
largest for contour BB and smallest for contour CC Several investi- 
gations of beveled flaps made in both the United States and Great 
Britain have Indicated that the incremental changes in hinge moments 
resulting from the addition of strips ere roughly proportional to 
the trailing-edge angle. Although the trailing-edge angle was 
maintained constant over e chord length CH « 0.20c*. for the flaps 

of this investigation, the characteristics obtained with contour BB 
are similar to the characteristics that would be expected with a 
large trailing-edgo angle and the characteristics obtained with 
contour CC are similar to the characteristics that would be expected 
with a small trailing-edge angle. In general, if the flap contour 

,- ,„•,*.•?/<**" 

"V.'L'ä • 
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tends to bulge, boundary-layer offsets may be large (as Indicated 
by the effects of strips) even though e relatively small traillng- 
edge angle Is Maintained over at leaet 20 percent of the flap chord* 

Effects of Gap 

Comparisons of the effects of gap are given for the undistorted 

flap contour atid for the distorted flap ontoura having a 0.20 

In figures 2k and 25. When the distortion consists of an increase 
In the thickness of the control surface (an effective Increase in 
traillng-edge angle), opening the gap causes cj^ und cnQ to 

become lees negative; and When the distortion consists of a decrease 
In thlcknesB of the control surface (an effective docroaso in 
traillng-edge angle), opening tho gap usually causes cj,  and cn_ 

to become mare negative. These results agree qualitatively with 
results given in reference 5, which show similar variations in the 
effect of gap with variations In the actual traillng-edge angle. 

Application of Date to an Assumed Airplane 

In order to Illustrate the possible benefits of maintaining 
the undlatort ed contour over a part of the chord of a control 
surface, the experimental results obtained in this investigation 
have been applied to an assumed fighter-typo airplane having the 
following characteristics: 

Batlo of stick force to elevator moment, K O.fiO 
Vlag loading, V/3V, pounds per square foot to.O 

Dynamic pressure ratio, <U/<1 1.0 

Wing lift-curve slope, (CT \   072 

EorlBontal-tail inoldenco, it, degrees   0 

Satlo of horlzontal-tcll aroe to wing area, StJSv 20 

Ratio of tall length tc wins mean aerodynamic chord, l/c' . . *i.O 
Elevator lift-curve slope, CLR  O33 

Elevator sire factor, bQc , cubic feet . . *. 20.0 

Airplane stability feetor, x'/c'   -.05 
Wing aspect ratio, Ay 6.0 

Boris ontal-te 11 aspect ratio, A*. .............. . 3.0 

Downwaeh angle factor, 1 - — 0.1)0 
da 

•  ••'r-M.. * 

w-i*.- 
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Calculations neve been made of the atlck-force Increments resulting 
from elevator surface-covering distortion that are required to hold 
the airplane In level fli&t at a given speed. Tno amount and the 
type of distortion of the elevator of a specific airplane vlll, of 
course, vary •with speed; and therefore, the curve of stick force 
plotted agQliut speed for a given setting of the trimming device 
may very between limits determined by the characteristics of the 
control surface with maxlmim fixed amounts of distortion. The 
Increments of stick force (at a given speud) corresponding to a 
constant amount of distortion for each of tho contours considered 
in this investigation is indicative of tha maximum change in stick 
force for the amount and typo cf distortion aeauni3d and therefore 
may he uesd as a hasls for comparing the effects of the various 
kinds of distortion. These stick-f-ircy increments would not havo 
to be supplied by tho pilot of an airplana equipped with a trimming 
device, but they are roughly proportional to tho deflection of the 
trimming device that is required to cfi'est the effects of surface- 
covering distortion. Tho following liquation, which is baaed on 
linear slopes, was used in making tho calculations: 

UP »GM-e 
(CL«I Vi ^ha4 

m) 
®fr) 

ac 
i»a 

<**iJS) distorted 
+ \ ^h r •*-• .V (3) 

in which (CLa)  
l8 th3 lift-curve slope of the airplane wing; all 

other parameters ere for the horizontal tail. Equation (3) accounts 
for the effects of elevator distortion on C^, Ch , t£u    of the 

and £CT, 

a'  **6' ""a 
but noglects the very small effects 

end CLB.. All calculations for 

plain eluvator, APg, 

of distortion on V^,    Fp^, CL , and CL6 

tho distorted contour• wtre made for tho condition of maximum dis 
tortione of ono pcrcont of the elevator chord. The valuos of the 
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Incremental distortion parameters given In tafele HI therefore 
represent the total aerodynamic effects ot the amount of distor- 
tion assumed» The section parameters given in table III were con- 
verted to finite-span parameters for use In equation (3) by means 
of the aspect-ratio-correction formulae given in reference 6. 
Calculations vere made for plain sealed elevators and for sealed 

internally balanced elevators having a balance-chord ratio 

A calibrated airspeed of 300 miles per hour was assumed. 

2** 0.1»0. 

The results cf the calculations ere presented in figure 26. 

1 Stick-force Increments for « 0 wore calculated from the esti- 

mated Incremental distortion parameters given In table III. For 
the assumed conditions the effects of symmetrical distortion are 
very small «lien compared with the effects of camber distortion. 
Variations In the constants of the assumed airplane would affect 
the relative Importance of the two kinds of distortion, but for 
almost any airplane configuration a given amount if camber distor- 
tion ccn be oxpactod to be much more important than the same amount 
of syntLatrlcal distortion. Figure 26 ehovs that the effects of 
symmetrical distortion are largely eliminated by maintaining the 
undlstorted contour over the rear 20 percent of the elevator chord. 
When the distortion involves a change In camber, approximately 
75 percent cf the offects of distortion are eliminated by maintaining 
the undlstorted contour over the rear ?0 percent of the olovatcr 
chord end approximately 83 percent of the effects of distortion 
are eliminated by maintaining the undlstorted contour over the 
rear 30 percent of tbo elevator chord- Although these porcontage 
values vero obtained from calculations of the offects of distortion 
on stick furces in level flight, approximately the same percentage 
values would bo expected to apply to the offects of distortion on 
the stick forces in accelerated maneuvers. 

figure 26 shows that, except for the elevator having maximum 
camber distortion (contour BC), thu effects of distortion are 
approximately the same cither for the pisIn elevator or for tho 

Cv 
elevator with an internal-balance-chord ratio — = 0.U0. Tor 

ce 
contour BC tho effects of distortion wore greatur for tho balanced 
elevator than for tho plain elevator. As pointed out previously, 
the balance might have had a considerably more adverse effect had 
the distortion occurred very close to the elovator hinge lino, 
rather than at a distance 0.06"7co behind the hinge line. I 

^•••...•.;«**;' 
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Although the analysis presented herein has been made specifi- 
cally for an elevator control, the conclusions concerning the reduc- 
tions In distortion effects that are made possible by maintaining 
the tmdlstorted contour over a part of the control-surface chord 
are believed to apply to rudder and aileron controls, as veil. 

C0HC1USI0US 

The present Investigation of a modified NACA 6^-0.12 airfoil 
having a 30-percent airfoil-chord flap with contours simulating 
various distorted surface-covering shapes Indicates the following 
conclusions: 

1. The effects of surface-covorlng distortion on lift char- 
acteristics generally are small when compared with the effects of 
surface-covering distortion on hinge-moment characteristics. 

2. Approximately 75 percent of the effects of distortion on 
•tick forces can be eliminated by maintaining the undlstorted flap 
contour ov«r the rear 20 percent of the flap chord. 

3. Vhen the flap has been tMckenod by distortion, opening 
the c*P et the flap nose or placing transition strips near the air- 
foil leading odge generally causes the variations of hinge-moment 
coefficient with angle of attack and with flap deflection to become 
less negative. Opening the gap generally has the opposite effect 
if distortion conclBts of a decrease In flap thickness- 

k. Variations in Mach number from 0.20 to O.UO have only small 
affects on the hinge-moment characteristics of the undlstorted flap 
or the distorted flaps having the undlstorted contovr maintained 
over the rear So percent of the flap chord. 

Langley Memorial Aeronautical Laboratory 
Rational Advisory Committee for Aeronautics 

Langley Tiold, Va., February 11, 19*7 

."#*> &*""* 
•-.•: tf*V.f. *•" 

*zm~ 
;\ - ... 
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XABU I.- 0RD1BATBS FOB MODIFIED NACA 65.-012 AIRFOIL 

[Stations and ordinates In percent of airfoil chord J 

Station Ordinate 

0 0 
1-85 1-3§ 
2.50 1.86 
5-00 8.60 
7-50 3-17 

10.00 3.65 
15.00 k.ko 
80.00 •»•97 
85*00 5 .to 
30.00 5.72 
1*0.00 6.X 
50.00 5.76 
60.00 U.9» 
70.00 3.7* 
75.00 3-1* 
60.00 S.53 
65.00 1.92 
90.00 1.31 
95.00 O.72 

100.00 0.10 

Leading-edge radius :   1.000 percent c 

IATI0KAL AWriSORY 
OOMMBTB FOB AJKOHAOTICS 

.., •£.rfw*1 

:      :: . . Vi      .. 
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NACA TN No. 1296 Fig. 3 
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Figure 3.-   Boundary-layer characteristics on upper surface of modified 
NACA 65j-012 airfoil.   Flap contour, FF; gap sealed; M, 0.34. 
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